Available information on the anatomy of the respiratory system of the pampas deer (Ozotoceros bezoarticus, Linnaeus 1758) is scarce, so the aim of this work was to describe the upper respiratory tract anatomy of this species.
Introduction
The pampas deer (Ozotocerosbezoarticus, Linnaeus, 1758) was a widespread species, originally distributed in the open grasslands (pampas) across eastern South America, from 5°to 41°S (Jackson and Langguth, 1987) .
However, the number of animals and populations declined during the last two centuries due to the loss of habitat, unregulated hunting, competition with cattle (Jackson and Giullieti, 1988) , and transmission of cattle diseases (Jungius, 1976) . There are small populations remaining in Argentina, Brazil and Uruguay, butthe species is considered as near threatened by IUCN (González and Merino 2008) .In Uruguay, there are two endemic subspecies (González et al., 1998; 2002 (Jackson and Langguth, 1987) .
In previous studies in this spececieswe described the papillaes of the tongue by scanning electron microscopy, the gross anatomy of the gastrointestinal tract and its arterial vascularization (Pérez et al., 2008; Pérez and Bisaillon (1985) Our current knowledge of the respiratory system anatomy of non-domestic ruminants is based only in some descriptions about few of the near to 300 extant species. The information on the respiratory system of the pampas deer is null. The anatomical information obtained is interesting for future physiological or clinical studies that have been carried out in a similar way in other ruminant species (Frey et al., 2003 , 2006 , 2007a , b, Stierschneider et al., 2007 . In this study we described the anatomy of the nose, nasal cavity and larynx, in order to increase the anatomical knowledge of these species.
Materials and Methods
In Uruguay, there is a population of pampas deer 
Results
The bony support of the nose and the nasal cavity was formed dorsally by the nasal bones, laterally by the The nasal cavity itself began rostrally with the nasal vestibule. The nasal vestibule was always pigmented in black and continued caudally with the nasal cavity without a clear delimitation in the limit of the nose (Limen nasi). On the nasal vestibule and near to the limit of the nose we had the location of the nasolacrimal ostium, the terminal orifice of the duct of the same name.
The nasal cartilages were rostral to the nasal osseous opening formed by the nasal, incisive, and maxillary bones, and served as a support base for the nostril and nasal vestibule. The nasal vestibule was complemented by the mobile part of the nasal septum. These cartilages were mobilized by muscles that were involved in controlling the amount of air inhaled. We had the presence of the alar cartilage, the lateral dorsal and lateral ventral cartilages and the lateral and medial accessory nasal cartilages.
The movements of the nostrils and nasal vestibule were given by muscles that were inserted into the bones and skin of the neighborhood. These were the dilator of the nostrils, the canine, and the nasolabial levator.
The nasal cavity, ended caudally in the choanae, openings on both sides of the nasal septum. This cavity was separated by the bony palate from the mouth and was elongated as the face. The median nasal septum (Figure 2 ) divided the nasal cavity into two symmetrical halves. The nasal cavity was described as a right half and a left half and each one had a roof, a floor, two walls (medial and lateral), and two extremities. The largest cartilage of the larynx was the thyroid, odd and symmetrical, consisted in two convex and irregular laminae fused in the midline (Figures 4, 5, 6 ).
The thyroid cartilage was cranial to the cricoid cartilage, caudal to the epiglottis and laterally to the arytenoid cartilages ( Figures 12, 13, 14, 15 ). Both side plates of the thyroid cartilage were smooth laterally,
formed a large part of the lateral wall of the larynx and at their median junction formed the laryngeal prominence, which was undeveloped and tuber-shaped (Prominentialaryngea) (Figures 12, 15 ). This prominence was equally prominent in both sexes.
It was related dorsally to the base of the epiglottic cartilage, which adhered to the laryngeal prominence by the tiroepiglottic ligament, which was elastic, thick and strong. There was a rostral horn in the thyroid cartilage and a thyroid fissure, where the cranial laryngeal nerve entered, which was distributed to the mucosa of the organ ( Figure 13 ). The caudal horn was very long (Figure 13 ).
The cricoid cartilage hadtypically the form of a signet ring and was rostral to the first tracheal cartilaginous ring and caudodorsally to the thyroid cartilages ( Figures 13, 14) . The cricoid cartilage had caudally articular surfaces for the thyroid, and articular surfaces in the rostral part of the lamina to the arytenoid cartilage. The caudal edge of the cricoid was thin and was joined to the first tracheal ring by the cricotracheal ligament. The internal surface was very soft and covered by the respiratory mucosa.
The arytenoid cartilages were irregular with pyramidal shape and were located rostrally to the cricoid cartilage and a little dorsally to the thyroid cartilages ( Figures 11, 13, 14) . The corniculated processes of the arytenoid cartilage (Figures11, 13, 14) were formed by elastic cartilage and the rest of the cartilage was hyaline.
The epiglottis cartilage had an elongated leaf shape and was located cranially and medially to the thyroid cartilages (Figures 11, 13, 14) . The lingual surface of the epiglottis was concave from the apex to the base while the laryngeal surface was very elongated and planiform. There were no cuneiform cartilages. In all the animals studied, the epiglottis was located ventrally to the soft palate, which was visualized in the medium cuts made in the corpses (Figure 11 ).
The cartilages of the larynx were joined together and to the hyoid bone by two types of joints, synovium and 
Discussion
According to our knowledge, this is the first whole anatomical description of the nasal cavity and larynx in a deer species. This is particularly Although the deers had a much simple ventral concha than in the carnivores, the structure is extended by a greater distance in order to increase the surface area.
The length of a concha can compensate for the lack of complexity as seen with the extended, but simple, double spiral winding of these deer species.
In the olfactory region, etmoturbed complexes also present a large surface area to increase the deposition of odoriferous substances that come with the air flow. Etmoturbinets play the main role in smell where the larynx is closer to the oral cavity (Fitch and Reby, 2001 ). The descending larynx has been described in the Mongolian gazelle (Frey and Gebler, 2003) , in the red deer stag (Cervuselaphus) and in the male stag deer (Damadama) (Fitch and Reby, 2001 ). In these species the larynx can be retracted during vocalization which lengthens the vocal tract and allows the roar that the males emit.
It is composed of the same cartilages as domestic ruminants, lacking cuneiform cartilages. In contrast to many ruminants, it was reported that the width of the laminae of the thyroid cartilage was greater than its length, acquiring a triangular shape (in the camel of a hump (Saber, 1983) ). The caudal horn of the thyroid cartilage was 2.5 times longer than the rostral horn in musk ox (Frey et al., 2006) , and the rostral horn was relatively smaller in the reindeer (Frey et al., 2007a) .
As in Ozotoceros, the rostrodorsal angle of the lamina was extended to form the short straight rostral horn and the thyroid fissure was a deep notch between the rostral horn and the rostral edge of the thyroid lamina in the cow and sheep (Getty, 1975 ) and the white-tailed deer (Bisaillon, 1985) . Through this fissure the cranial laryngeal nerve in these species and in Ozotoceros entered into the larynx. The caudal horn was similar to that of domestic ruminants (Getty, 1975) , musk ox (Frey et al., 2006) and reindeer (Frey et al., 2007a ). In the white-tailed deer (Bisaillon, 1985) , the caudal horn was shorter, but thicker than its rostral counterpart. The laryngeal prominence is underdeveloped just like domestic ruminants.
Cricoid cartilage is the typical signet ring in many domestic and wild mammals (Getty, 1975 , Hast, 1979 On the other hand, there was no cuneiform cartilage of the epiglottis in Ozotoceros. Likewise, the absence of cuneiform cartilages, caudally directed and located on both sides of the epiglottis, was reported in the cat, sheep, goat and cattle (Getty, 1975 , Hast, 1979 , Guintard, 2005 , Barone, 2010 . On the other hand, the cuneiform cartilage is present in the dog, the horse (Getty, 1975 , Niquel, 1987 ) and the Mongolian gazelle (Frey and Gebler, 2003 ).
The arytenoid cartilages were similar to those of the sheep (Getty, 1975 , Goulden, 2002 , Barone, 2010 ).
The corniculated processes were joined by their base to the apex of the arytenoid and curved cartilages dorsally and medially curved in ruminants and horse, as in
Ozotoceros (Barone, 2010) .
Ozotoceros was devoid of a ventricle of the larynx.
This ventricle is present in horses, pigs, dogs and to a lesser extent in the rabbit (Barone, 2010) . In its place there is only a weak depression in domestic ruminants (Barone, 2010) . The laryngeal ventricle is homologous to the exit air larynx (Saccuslaryngis) of the primates that descends caudally in the neck, even to the axillary region in the orangutan (Hayama, 1970) . give more amplitude and a serious timbre to the roar acting as a resonance chamber. Ozotoceros bezoarticus had no laryngeal ventricle similar to that described in the musk ox.
In the saiga antelope (Saigatatarica) the nose is involved in vocal production, producing nasal grunts 
